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Abstract 
The Christchurch, New Zealand, earthquakes of 2010 and 2011 provide ample opportunities to trial new geospatial technologies 
in the reconstruction of the city. These earthquakes, measuring magnitudes 7.1 and 6.3, resulted in severe damage to housing and 
building stock. An estimated 75% of residential buildings suffered some form of damage, with 7.5% collapsed or requiring 
demolition. These impacts were felt most severely in mid-suburban areas closest to the sea and in commercial buildings located 
in the CBD, where 90% of buildings have now been demolished. The severe damage in these areas has put pressure on housing, 
retail, and commercial premises throughout the city. Additionally, there has been great pressure on the below ground 
infrastructure, transport networks, and social services and amenities; all of which have had to change due to large population and 
activity movements. This has extenuated longer-term socio-demographic trends in housing and building demands. As a response, 
a major reconstruction effort is underway. This research looks for ways to integrate new geospatial technologies to promote 
better community engagement in the decision-making process. The geospatial planning tools being trialled, Envision and ESP 
(Envision Scenario Planning), assess optimal redevelopment opportunities, identify suitable redevelopment areas, model different 
scenarios as variables and 3D visualisations, and assess different precinct style design typologies. The tools, developed by 
“Greening the Greyfields” research teams at Swinburne University of Technology (Melbourne, Victoria, Australia) and Curtin 
University (Perth, Western Australia, Australia), were utilised in the regeneration of mid-suburban areas in Australian cities, and 
now the implementation has been extended to post-disaster Christchurch. It is anticipated that this will improve communication 
within communities and enhance development outcomes through greater consensus between residents, developers, planners, and 
other stakeholders. 
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1. Introduction 
The Greening the Greyfields (GtG) research was initiated in 2011 in several suburban municipalities of Western 
Australia and Victoria (Australia) aimed at supporting the processes of decision-making and community engagement 
to realise the potential of precinct redevelopment in mid-suburban areas. The general research objective of GtG is 
the regeneration of mid-suburbs characterised by low-quality urban environments and demographic decline. The 
research also has great potential to support processes of urban reconstruction in post-disaster recovery contexts. 
Thus, the research project was extended to Christchurch, New Zealand, with the aim of addressing the specific needs 
of a transitional and recovering city within the GtG research framework. This paper looks at the research 
implementation and its geospatial tools to promote better community engagement during the reconstruction of 
Christchurch.   
The research paper comprises three parts: (1) Christchurch, focusing on the urban planning framework and 
community life, before and after the 2010 and 2011 earthquakes, and the need for research on sustainable post-
disaster reconstruction; (2) a description of the research project and the geospatial tools being developed, while 
exploring their implementation potential in Christchurch; and (3) a brief discussion focusing on the expected 
outcomes of GtG research, and the implications for implementing geospatial tools in post-disaster cities. 
 
Nomenclature 
GtG Greening the Greyfields – the research project  
ESP  Envision Scenario Planner – one of the geospatial tools proposed by the GtG research Project 
CRCSI   Cooperative Research Centre for Spatial Information 
GIS Geographical Information System 
GISPP Geographical Information System for Public Participation 
CERA   Canterbury Earthquakes Recovery Authority 
1.1. The context of urban planning in Christchurch, before the earthquakes 
Christchurch is located on a low lying coastal area flanked by two ancient volcanos that make up Banks 
Peninsula to the east and an alluvial plain leading to the Southern Alps to the west.  Movement of the braided 
Waimakariri River across to where the City sits today has dominated the landscape leaving large salt and freshwater 
wetlands, sand dunes and old gravel beds.  The wetlands, once a dominant feature, have been extensively modified 
through urbanisation.   
While the Canterbury region has been settled nearly a thousand years, the city of Christchurch was only founded 
and settled as a city in the 1850s. Over the years it expanded outward from the planned garden city centre into the 
suburbs.  From 1945 to the 1970’s the city expanded rapidly to the north and the west into agricultural land, and 
later into the hill areas. This saw the continued decline of the inner city. The early regional planning schemes, 
especially the 1977 Town and Country Planning Act, set an urban boundary through a green belt to protect 
agricultural land, the airport and to encourage urban consolidation.  The Christchurch City Plan proposed in 1995 
under a more market-led approach through the Resource Management Act (1991) replaced this concept with new 
limits place on rural subdivision and encouragement for intensification. Land to the west of the City and the airport 
remain protected as it lies over an unconfined aquifer providing the City’s water supply.  
By 2004, Christchurch City, Selwyn and Waimakariri District Councils were in the process of or had completed 
plans for growth but with no agreed vision for an area that functioned geographically as a social and economic 
community.  These councils with the Canterbury Regional Council (Environment Canterbury), and the New Zealand 
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Transport Agency (then Transit NZ) came together to manage an expected extra 120,000 people over 30 years[1], an 
ageing population and an expected 50% increase in traffic growth with attendant infrastructure and costs.   
A first step was to establish an Urban Development Forum.  Key issues identified through extensive background 
research were summarised in a booklet and widely distributed to the public in early 2005 who were then asked to 
choose from four potential growth development options: concentrated, balanced, dispersed and business as usual.  
More than two thirds of the 3250 of respondents favoured concentrated development in pre-existing urban areas, a 
surprise to many of the policy makers. A Community Charter derived from the feedback introduced the vision, 
guiding principles, and strategic direction. 
In 2006, following two week-long workshops, a broadly agreed settlement pattern was developed in a design-led 
approach using statistical data, research and consultation findings with over 100 technical staff and experts from the 
partners, other government agencies and consultants.  The Greater Christchurch Urban Development Strategy (the 
Strategy) was released in 2007 with clear governance arrangements and key actions for a new chapter in the 
Canterbury Regional Policy Statement (CRPS), changes to the Regional Land Transport Strategy as well the district 
plans and council long term plans. The Strategy also committed the partners to the principles and practice of urban 
design. The proposed new chapter (PC1) to the CRPS would provide the direction and sequencing of growth.  All 
Strategy partners endorsed it prior to publication and this was a major shift in how policy has been developed for the 
sub-region challenging the processes on how growth had been managed and included robust social and economic 
analyses on the costs of greenfield development.  In late 2009, Environment Canterbury accepted the 
recommendations of independent commissioners who heard the public submissions.  The decision was then 
appealed to the Environment Court by 50 parties and, because of the number of appeals and issues raised; the 
hearing was divided into stages.  This was part way through when the earthquake sequence began.  
1.2. The September 2010 and February 2011 Earthquakes in Christchurch   
In late 2010 and 2011, the Canterbury region and Christchurch city experienced a sequence of significant 
earthquakes; responsible for widespread damage to buildings and infrastructure, permanent ground damage, rock 
fall, cliff-face collapse, and injuries, with the February 22nd event resulting in the loss of 185 lives. The severity of 
damage was attributed to the susceptibility of many parts of the region to liquefaction, largely due to the near-
surface geological conditions, which contain liquefiable sediments that are non-cohesive and water saturated fine 
grained materials [2]. The shaking resulted in sand and water eruptions on the surface, uplift, sinking and slumping 
of built assets, and lateral fissures and land spread along river edges; literally cracking some buildings in half [3]. 
 
 
Fig. 1 – Damage distribution in Greater Christchurch [18a]. 
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The built environment suffered extensive damage as a result of the earthquakes. The reserve bank estimated that 
It was initially estimated that $20 billion will be spent on repairs and rebuilding of damaged built assets, while more 
recently CERA has estimated this to be nearer $30 billion, and neither figure represents the uninsured or 
underinsured cost of damage [4][5]. An estimated ninety-one percent of the approximately 150,000 houses in 
Christchurch suffered some degree of damage. This varied from buildings being completely destroyed to 
insignificant superficial damage. Around 22,000 houses will need to be rebuilt as a result, including 7860 which 
were previously located on now condemned land; the residential red zone (RRZ). Commercial buildings suffered a 
similar fate, and due to commercial realities about repair cost risks versus rebuilding cost, a significant portion of the 
commercial building stock has been demolished, most evident in the central city area [4]. The earthquake also had 
significant impacts on the city’s infrastructure and has required a massive effort to restore services fully [6]. Social, 
cultural, and recreational assets have also been affected by the earthquakes. These impacts will have an ongoing 
effect on community recovery and resilience into the future. 
Supply constraints on the housing market caused by the earthquakes have had a profound effect on house prices, 
rents, and construction activity. Home prices have risen in the past four years since the earthquake by a city wide 
average of twenty-eight percent, while average rents have risen by thirty-nine percent. Construction costs have also 
risen rapidly by over eleven percent in the past year, and about eighteen percent since 2010; attributed to shortages 
in supplies and labour [7]. As a result of market pressure and planned solutions to replace the demolished housing 
stock there has been a significant expansion of housing outwards onto greenfield areas on the city’s periphery, 
though as central city recovery continues and planned areas are opened up for development close by, building of 
new housing will more likely be medium density in the future closer to the CBD [4]. These changes in residential 
areas have impacted the community fabric throughout the city, the effects of which are still not fully understood.  
1.3. What happened in the urban planning scene and in communities engagement after the earthquakes  
 
The February earthquake and the subsequent aftershocks led to one of the largest movement of people 
experienced in New Zealand [8].  Between 2010 and June 2011 following the third sequence of earthquakes and 
aftershocks the resident population had decreased by nearly 9000 (about 2.5% of the population).  While this may 
not seem large, the majority of those displaced came from suburbs in the eastern and hills areas.  At the same time 
there was a large drop, around 3500, in school enrolments and 4500 children moved schools [9]. 
The importance of neighbours, family and friends when water and power were unavailable has been well 
documented across Greater Christchurch [10]. Gawith (2011) [11] describes a collective community-wide 
processing of loss adjustment and grief.  People were dealing with a multiple forms of loss; loss of home, 
businesses, employment or having to travel far across the city to work as businesses relocated west.  In addition, not 
only were people physically displaced but also ontologically displaced; the normal rhythms of their lives had 
changed.    
The importance of community participation in the recovery of the city has been discussed at length within the 
literature [12]. The Prime Minister’s Science Advisor wrote about how community participation was useful to help 
regain some sense of control over people’s lives.  In March 2011 CERA was established and, led by the Minister for 
Canterbury Earthquake Recovery, was provided with broad and special powers intended to enable and coordinate 
the recovery and rebuilding of the City [13]. Initially responsibility for developing a vision for the central city 
remained with the Christchurch City Council who in May 2011 initiated the highly successful Share an Idea, 
campaign. This provided the people of Christchurch with a way to share their ideas about how the Central City 
should be redeveloped, and received an unprecedented 106,000 ‘ideas’.  These were used to help inform the Dec 
2011 draft Central City Plan as a broadly agreed structure and direction for the Central City. At this point CERA 
took over responsibility for the central city and in July 2012 produced their Central City Recovery Plan. This 
provided very little extra opportunity for the community to participate and provide feedback on the proposed plan. 
In June 2011, the Prime Minister and the Minister announced that all Greater Christchurch land was to be 
progressively mapped into land zones.  Land zoned red indicated that the land was too badly damaged and would 
likely be at risk of significant damage from further earthquakes and/or flooding risk. The 7860 red zoned homes on 
land prone to liquefaction, flooding, and rock fall sustained some of the largest damage causing stress around where 
360   Maria Rita Dionisio et al. /  Procedia Engineering  118 ( 2015 )  356 – 370 
to go, insurance, and affordability.  Campbell (2014) [14] in a study of red zoned residents found a dominant theme 
to be loss of control affecting their identity, their memory of their home and their ability to create a new home.  
These people strongly connected for generations with the east side of the City, many people did not identify with 
their suburb but to the east of Christchurch generally.  
In October 2011, the Minister withdrew the previous planning process (PC1) adding two new chapters to the 
CRPS to quickly respond to the effects of the earthquake and provide homes for those who had been red zoned.  One 
chapter placed noise contours around the airport and the other set urban limits for Greater Christchurch and added 
designated greenfield development areas to the north and south.  This ended the PC1 Environment Court process.   
Landowners who had been part of the PC1 appeals went to the High Court to stop this use of Ministerial power; 
the High Court agreed with them.  This was challenged in the Court of Appeal by the Minister and partners who 
agreed he had overused his powers and that planning could be achieved through the Recovery Strategy (June 2012).  
Environment Canterbury was then directed by CERA to lead the development of a Land Use Recovery Plan 
(Recovery Plan). This was released in December, again with very limited community participation or opportunity 
for feedback.   
The Recovery Plan has added significantly more greenfield development to the sub-region than was planned 
under PC1 and over the shorter time frame of 15 years.  It does address urban consolidation but only in an indirect 
policy context by instructing the Christchurch City Council to develop instruments such as financial tools, 
regulatory incentives, and changes to development contribution policies to promote intensification, and affordable 
and temporary housing.  Exemplar projects are also planned for medium density and affordable housing but these 
are still underway and it is not clear how successful they will be. 
1.4. Research need on sustainable post-disaster reconstruction  
The GtG research project started with the study of two Australian cities (Perth and Melbourne) and their 
surrounding municipalities, and recently was extended to Christchurch. The extension of the GtG research project in 
Christchurch, allows for a new area of study in a post-disaster redevelopment environment. The geospatial tools 
(Envision and ESP) will support the identification and prioritisation of sustainable and resilient redevelopment 
areas. In addition, Christchurch will develop a new research focus on the use of assessment and visualisation 
technologies designed to enhance a better community and stakeholder engagement.   
The benefits of the extension of the GtG project into Christchurch are twofold: (i) the post-disaster situation; and 
(ii) the urban sprawl trend towards the greenfields, which has been accelerated following the earthquakes. 
In addition to the urban regeneration challenges faced in many contemporary cities e.g. liveable, affordable, 
sustainable, resilient and attractive urban spaces [15], Christchurch presents a distinctive paradigm within the GtG 
research project, as a recovering, post-disaster city. In the context of this research project “greyfields” are defined as 
socially, environmentally, and economically decaying mid-suburban areas where a significant part of property assets 
is currently lacking sufficient capital for regeneration [16]. Within the GtG research, the broader study areas of Perth 
and Melbourne are focused on suburban municipalities, namely Canning in Greater Perth, and Maroondah and 
Manningham in Greater Melbourne. Given its particular context as a post-disaster city, Christchurch integrates the 
mid-suburban areas and the central city, which suffered significant damage in the 2010 and 2011 earthquakes. The 
aftermath, in the months following the February 2011 earthquake, was characterised by a significant social 
displacement resulting in community disruption among the residents of the central city and the mid-suburban areas 
in eastern Christchurch [17]. The effects of such community disruption are still taking place in several districts of 
the city, especially those located in proximity to the Avon River, and to the sea [18]. Community engagement is 
critical to enhancing individual health through such factors as cultural identity, physical environment, participation 
in society, and community leadership [19]. Consequently, implementing the GtG research in Christchurch also 
responds to a need to support community recovery through the enhancement of participated, co-designed, public 
processes to build consensus and enable a better communication platform between all the stakeholders engaged in 
the reconstruction of the city.  
Christchurch is the largest city on New Zealand’s South Island with a population of 450,000 inhabitants in its 
greater area [20]. Prior to the earthquakes, the population of Christchurch city increased significantly (from 296,061 
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inhabitants in 1991 to 348,435 inhabitants in 2006 [8] before the post-earthquake decline.  However, Christchurch’s 
urban growth management was seen as inadequate to respond the pressures for greenfield development, which 
resulted in problems containing urban sprawl [21][22]. Moreover, the lack of major natural barriers around 
Christchurch allows urban sprawl.  Immediately after the February 2011 earthquake, damage to housing and 
infrastructure in the central city and inner suburbs, and the distress caused by disrupted lifelines and ongoing 
aftershocks, triggered an unprecedented exodus from Christchurch to other major cities in the country [18]. Despite 
most people returning in the following weeks and months, a significant number of families have never returned to 
their homes, and many subsequently relocated to the urban fringe, aggravating the already existing pressure on the 
areas surrounding Christchurch (Fig.2) [18]. Thus, while supporting community and stakeholder debate on compact 
forms of residential redevelopment in the central city and mid-suburban areas, the implementation of the GtG 
research project also aims to improve urban growth management in Christchurch.  
 
Fig. 2 – Percentage change in population within Greater Christchurch 2006-2013 [18]. 
2. GtG research project and its geospatial tools: Envision and ESP  
GtG is a research project funded by the Cooperative Research Centre for Spatial Information (CRCSI), and the 
Australian Urban Research Infrastructure Network (AURIN), in affiliation with University of Canterbury 
(Christchurch, New Zealand), Swinburne University of Technology (Melbourne, Victoria, Australia), Curtin 
University (Perth, Western Australia, Australia), the Victorian Department of Planning and Community 
Development, the Western Australian Department of Planning, Land Information New Zealand, the New Zealand 
Ministry of Business, Industry and Employment; and the respective councils of Maroondah (Victoria),  
Manningham (Victoria),  Canning (Western Australia) and Christchurch (New Zealand).  The GtG research project 
aims to facilitate and promote consensus between local governments, communities, and developers for more 
sustainable redevelopment outcomes in greyfield areas [15]. Greyfields is a term used to by Newton et al. [15] to 
describe mid-suburban areas that are commonly located between vibrant urban centres and the inner residential 
areas, presenting great accessibility to activities, transport and services [15]. In the Australian and New Zealand 
context, greyfield areas are characterised by physical, environmental, social, and technological decline [15]. The 
implementation of GtG research in Christchurch, however, focuses on urban areas that were particularly affected in 
the 2010 and 2011 earthquakes, but that prior to the disaster could have become greyfields. 
To realise the potential of greyfield redevelopment, the project integrates the development of a geospatial planning 
toolkit to promote organisational and community engagement, comprising two tools: Envision and ESP (Envision 
Scenario Planner) (Fig.3). 
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Fig. 3 – GtG research framework: [Where? What? Who? ] in Greyfield redevelopment processes [23]. 
 
Envision is a participatory support GIS system, capable of addressing spatial enquiries relevant to local 
stakeholders involved in redevelopment processes e.g. city councils, developers, and communities [15]. Feedback on 
the functionality of an early version of Envision was collected through a series of workshops, held with local 
stakeholders in several municipalities [15] where greyfield redevelopment has been increasingly critical to tackle 
sprawl and fringe development. The process of consultation with local stakeholders supported Envision’s further 
development, enhancing its suitability as a tool to support decision-making in urban redevelopment. Envision’s 
capability to synthesise data with spatial queries, while enabling users to input their specific local knowledge, is a 
particular feature of the software as a planning decision support tool [15]. By enabling various queries among 
different stakeholders involved in the process of redevelopment, Envision has the potential to develop new 
communication methodologies among communities, decreasing the need for external consultancy [15], while 
increasing the potential for integrating local know-how. At the present stage of development, Envision integrates two 
distinct tools: (1) the multi criteria evaluation tool that enables the identification of areas strategically significant 
considering specific criteria determined by users (Fig.4), and (2) the market redevelopment tool which allows the 
identification of areas that may be likely to be redeveloped [23]. 
ESP (Envision Scenario Planner) is a 3D visualisation supported system for precinct planning that allows 
stakeholders to compare different redevelopment scenarios, specifically focusing on environmental and economic 
impacts. The software allows users to populate precincts with previously assessed building typologies, in diverse 
scenarios, and obtain a detailed report of the environmental and economic impacts of each scenario option [23]. ESP 
integrates three distinct 3D object libraries corresponding to business as usual building typologies, environmentally 
efficient building typologies, and advanced building typologies. These can incorporate environmental and economic 
features previously assessed using other tools2, and uploaded to the ESP system, enabling precinct scale assessment. 
This feature will allow users to visualise different scenarios in 3D, while allowing immediate verification of their 
redevelopment performance (Fig.5). At the present stage of development, ESP’s assessment integrates capital cost, 
operating energy, gas, water, storm water, embodied carbon, and transport metrics, and it is intended to add 
infrastructural, social, and urban quality metrics [23]. 
                                                          
2 Hearne AccuRate Sustainability version 2.0.2.13 for the calculation of carbon, water and energy demands. Rawlinson’s Construction Handbook 
(for Australia, and New Zealand) for the calculation of capital costs, and proprietary modelling outputs to calculate transport infrastructure cost. 
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   Fig. 4 – Envision’s Multi criteria evaluation tool: an example showing identified strategically significant areas based on specific criteria 




Fig. 5 – ESP environment and report tab [23]. 
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2.1. Envision & ESP in the international context of geospatial tools for community engagement 
In the last two decades, the use of GIS has been broadly expanded to a wider range of users, such as 
nongovernmental, local communities, grassroots organisations, and governmental institutions; and for a diverse 
range of purposes [24]. The use of GIS based tools in community engagement and public participation has been an 
increasing source of debate among researchers [24] [25] [26]. GIS enthusiasts believe in its potential to build 
organisational capacity, inform communities, and help them negotiate interests, while bridging the gap between 
community members and policy-makers [24].On the other hand, critics suggest that organisations will be forced to 
adopt institutional interests, given the need for quantitative data in GIS [24]. Moreover, many researchers now argue 
that community engagement and exclusion may occur concurrently [24] [27]. This section of this paper examines 
the use of geospatial tools in the international scene, while contextualising the potential of Envision and ESP for 
community engagement. 
In general, GIS tools designed for the specific purpose of social engagement and public participation differ 
substantially from other GIS tools, in focus, goal, approach, and application [24] [28] [29]. Kyem’s comparison 
between GIS and PPGIS (public participation GIS) [29] synthesises the main distinctions of GIS for community 
engagement within the GIS scope (Fig. 6). According to Sieber (2003) [24], the efficiency of GIS tools to enhance 
community engagement depends of the process of its technology development, and to what extent it is able to 
integrate bottom-up spatial decision support [24].The author goes on to suggest that the potential of community 
engagement must be enhanced both in delivering the geospatial tools as a final product, as in their process of 
development [24].The development of Envision and ESP included community and stakeholder consultation 
workshops, their feedback had a significant impact on the tools’ development. Moreover, most of the dimensions of 
both Envision and ESP tend towards the right hand side of Kyem’s comparison table (Fig. 6), towards public 
participation. 
 
Fig. 6 – A comparison between GIS and PPGIS tools [29]. 
 
A wide diversity of geospatial tools have been developed in the past two decades that aim to support community 
engagement. Of these, a number are relevant in the context of Envision and ESP.  
Polytrim was developed in the late 1990s, at the Centre for Landscape Research, School of Architecture and 
Landscape, University of Toronto, Canada. Unlike Envision and ESP, Polytrim is specific to a planning area; 
environmental design. However, like Envision and ESP, Polytrim is designed to use different types of data and 
computational tools, and is designed to be useful to a wider range of professionals in planning and urban design 
[30]. 
iCity is a software tool for modelling urban planning and decision-making. It was created in 2006, at the Spatial 
Analysis and Modelling Laboratory, Department of Geography at Simon Fraser University in Canada. It is similar to 
Envision in that it also combines large geospatial datasets, and has a user-friendly interface [31]. It is, however; 
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more focused on urban growth prediction and modelling operations which in themselves require some level of 
expertise. 
Synthicity has been developed at the University of California in Berkeley’s Department of City and Regional 
Planning in the last few years. Its main purpose is to allow urban visualisation and analysis, and it integrates several 
geospatial tools that are designed to be user friendly. It is similar to Envision and ESP, in that it is tailored to be a 
multi-user toolkit, accurate enough for planning and design professionals, and simultaneously is intuitive enough 
and easy to be used by non-design or planning experts [32]. Synthicity also integrates 2D and 3D visualisation, and 
environmental and economic assessments. 
SafeCity is another recently developed geospatial tool, aiming to support decision-making in urban development 
and infrastructural resilience. It was created in the Department of Geoinformatics at Gdansk University of 
Technology in Poland. It is a web-based GIS tool like Envision, and gives particular focus to critical infrastructure 
and hazard risk management. Like Envision, SafeCity users can identify areas of low hazard vulnerability in the 
context of a multi-layered data set of the city [33]. However, Envision also allows end users of different cities to 
manage the integration of locally relevant data, such as vulnerability areas to specific natural or human hazards. 
Mapsup Maptable was recently developed in the Urban and Regional Research centre at Utrecht University in the 
Netherlands. Mapsup is a planning support system (PSS), running on a computer table, and provides a friendly 
group user environment, very favourable for the participation of community groups, and focus groups and 
workshops. Like Envision, it is a web-based system, where users can access previously updated datasets [34]. It is 
different to Envision, in that Mapsup is specifically designed to be used by community and stakeholder groups in the 
stage of public hearings and decision-making processes, which may compromise its effectiveness in collecting 
individual responses, and broader use among planning experts.  
Many more recent geospatial tools either require a high level of expertise to use e.g. Polytrim, iCity, and Safecity; 
or are specifically designed to be accessible to a wider group of users, thus potentially losing accuracy to become a 
urban planning tool for urban designers and planners e.g. Mapsup. Synthicity is the geospatial tool most like 
Envision and ESP is Synthicity, in that it is multi-user oriented, nonspecific to urban planning professionals, but also 
accurate and sensitive enough to be used by experts. However, ESP integrates pre-defined and assessed housing 
typologies, and each one is aggregated to selected variables such as carbon, water, and energy demands, and 
additional traffic and socio-economic factors [23], allowing expert produced information to be used and analysed by 
the public more widely. Moreover, both Envision and ESP allow detailed analysis at the precinct scale, which is rare 
among geospatial tools being developed nowadays [35]. Thus, it is argued that the development of Envision and 
ESP may be a significant step towards building better organisational and institutional capacity, providing support to 
communities and stakeholders in decision-making processes, towards policy-making for greyfield redevelopment. 
2.2. The potential of GtG, and Envision & ESP, to enhance community and stakeholder engagement in Christchurch  
Community empowerment, governance, and deliberative democracy models are seen as key parts of social 
resilience [36] [37]. After the 2010 and 2011 earthquakes, several communities in Christchurch suffered severe 
population displacement, and subsequent social disruption [39]. The need to develop efficient community 
engagement platforms for better social and built resilience reinforced the trend for governance models to be used for 
sustainable disaster management in New Zealand [37]. However, it is difficult to manage the integration of local 
governance and community engagement within a central policy framework in the context of post-disaster response, 
recovery, and reconstruction [37]. Hartz-Karp and Newman (2003) [38] argue that deliberative models are 
fundamental to the process of building engagement between communities, governments and non-governmental 
organisations (NGOs), which seek to develop collective capital through comprehensive decision-making between 
different stakeholder groups [40] [41] [42] [43]. Therefore, it is important to research, develop, and implement tools 
that are capable of increasing debate between different groups, through improved communication platforms where 
the different stakeholders have the chance to share ideas [38]. Substantial efforts have been made in this area, and a 
broad diversity of community engagement techniques have been implemented, evaluated and improved over recent 
years in urban planning. These include citizen’s juries, conferences and forums, televotes, surveys, and town 
meetings [36]. The development and implementation of PPGIS (Public Participation Geographical Information 
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Systems) in the recent years has been unprecedented [24], due to their capacity to reinforce the relation between 
governmental agencies, local experts, and local communities. 
The GtG research project aims to implement Envision and ESP in Christchurch, towards enable the better 
integration of ideas between the multiple stakeholders involved in the reconstruction process, and support 
communication and engagement between the groups. Newton et al. (2012) [15] identified ten areas of 
communicative engagement for urban development that emphasise the links between stakeholders as (Fig. 7). The 
GtG project, and its geospatial tools, is an example of this integrated approach to stakeholder engagement [15]. 
Christchurch is now facing an unprecedented and complex challenge as it tries to formulate a vision for the future 
while taking on board the views of a range of different actors. In this context, a community engagement platform, 
that promotes better communication and integration of different interests, may be crucial to balance practicality with 
the need for deliberative and opportunity-fostering partnerships [37]. 
Envision can potentially allow consensus building between the diverse stakeholders involved in the process of 
reconstruction in Christchurch.  For local government authorities, Envision is particularly timely in the process of 
decision-making to determine areas of intensification and urban regeneration, which is critical for the goals of the 
UDS, LURP and District Plan. Additionally, Envision can aid urban risk management, by allowing the identification 
of vulnerable and environmentally sensitive areas. For community engagement, Envision is particularly useful to 
local government, because it allows information sharing and dialogue with and between local communities and 
developers. For developers, Envision can also help build business cases for investors. In addition, the geospatial tool 
enables the identification of redevelopment opportunities, which can be critical in providing confidence to new 
developers and investors. For local communities, Envision can help presentation of cases to local governmental 
authorities, while also helping communities to engage and raise support for their neighbourhood’s community 
project or plan.  
 
Fig. 7 – Arenas of stakeholder engagement [15] adapted to reconstruction scenario. 
 
ESP (Envision Scenario Planning) has great potential to enhance relationships between different stakeholders 
involved in Christchurch rebuild. Its 3D visualisation capabilities, that will include an Augmented Reality3 
extension, will allow users the chance to visualise built scenarios, and aggregated data, in an innovative, intuitive, 
and stimulating way. For local governmental authorities, ESP may be useful in optimising urban design choices and 
help balance environmental and cost trade-offs; facilitate decision-making on infrastructure, amenity, and 
community facilities (location, capacity, type, and prioritisation); support the development of exemplars of 
innovative urban design, and green infrastructure solutions; and enhance awareness about the benefits of advanced 
architectural design. For developers, ESP can help create confidence in improved forms of urban design, such as 
medium density and mixed uses. Also, the tool can be useful for developers in building capacity to develop 
                                                          
3 Augmented Reality (AR) is a presentation environment where 3D virtual data is combined into a real environment in real time (Azuma 1997). 
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exemplar projects, to engage local communities in negotiating the reconstruction terms, to mobilise approval 
purposes, and to attract new investors and buyers. For communities, ESP enables a better understanding of the 
potential impacts and benefits of different reconstruction scenarios, and enhances awareness about the benefits of 
advanced design options.  Above all, ESP is particularly relevant for community engagement in Christchurch, 
because it supports precinct redevelopment co-design, while enabling the debate and consensus building among the 
involved actors. 
2.3. The challenges of implementing GtG, and delivering Envision & ESP in Christchurch 
After the earthquakes, the Maori proverb “He aha te mea nui o tea ao? He tangata! He tangata! He tangata!” 
which translates as “What is the most important thing in the world? It is people! It is people! It is people!” was 
widely used and reported in the media. It emphasises the most important factor in any reconstruction process: the 
people. This unfolds in complex ways that impact on social, natural, physical, and economic environments [18]. 
Given the social and community disruption that occurred following the 2010 and 2011 earthquakes [18], the greatest 
challenges of implementing the GtG research project, and delivering Envision and ESP, in Christchurch could be 
difficulties in establishing contact with the most affected communities. Local government authorities, urban 
planning practitioners and consultancy professionals, have been engaged and introduced to the project, and 
responded with great excitement and a willingness to collaborate. Contact has also been made with local 
communities and this has resulted in very positive reactions to our research project, and to Envision and ESP. The 
implementation and delivery of Envision and ESP rely on making contact with local communities, as illustrated in 
the ten arenas of communicative engagement (Fig.7) [15]. There are some community groups that are not 
strategically positioned to help develop their neighbourhood, perhaps with fewer resources and limited ability to 
communicate to their communities, and/or with no projects for their areas - which in the case of Christchurch, are 
often the most affected communities after the earthquakes. These communities still need to be heard and consulted 
and the GtG geospatial tools can still be of great value, because these are the community groups to whom Envision 
and ESP may actually be the most valuable in helping find and develop reconstruction strategies and opportunities, 
which could mean the first step for a dialogue with local government authorities and developers. In addition, 
developers and other key actors in the property development industry in Christchurch are often difficult to establish 
contact with, and the connections with this engagement arena are often only made through the city council. Thus, a 
key challenge in implementing the GtG project, while delivering Envision and ESP, is to reach a diverse range of 
community and stakeholder groups where both geospatial tools can be trialled, while unleashing the potential of 
integrated engagement for reconstruction planning, and to boost the progress of geospatial tools with application in 
community-led urban reconstruction.  
The process of public hearings on the Christchurch Replacement District Plan, in the first few months of 2015, 
may heighten expectations and tensions among community groups in relation to local needs and aspirations for 
reconstruction, requiring special sensibility in the method and timing of establishing contact with local communities 
and developers. 
There will be other challenges in the implementation of GtG, especially in developing and delivering geospatial 
tools that are designed for multiple users of differing levels of geospatial competence. The purpose of creating 
geospatial tools accessible to a range of stakeholders involved in reconstruction is intrinsically related with the need 
to develop a common lexicon, to facilitate dialogue in each arena, and across different arenas of engagement [15]. 
However, the technological development of Envision and ESP faced a number of significant and critical challenges 
in creating an environment that can be both accurate for urban planning professionals, while easily used and 
interpreted by less technical stakeholders. Thus, the delivery of the geospatial tools in Christchurch will very 
possibly face similar challenges.  
3. Discussion 
This paper presents the GtG research, specifically its implementation in Christchurch, a city aiming for 
sustainable and resilient urban reconstruction after a sequence of earthquakes in 2010 and 2011. A key feature of 
GtG is its ability to facilitate dialogue between a diverse group stakeholder to facilitate engagement and help move 
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towards greyfield redevelopment [15]. In the context of a post-disaster city GtG affords real potential in promoting 
community recovery, by supporting dialogue between the different groups involved in the reconstruction processes, 
and enhancing the development of business cases to initiate negotiation processes between stakeholders. The 
participative features of Envision and ESP are designed to include a wide entire spectrum of communities, local 
authorities, and developers in the process of reconstruction, while enabling the identification of reconstruction 
opportunities in Envision, and the development of co-designed solutions in ESP. 
Concluding, the following sections focus the discussion of some of the expected outcomes of GtG in 
Christchurch, and the implications and considerations of the usage of geospatial tools on processes of urban 
reconstruction. 
3.1. Expected outcomes of implementing GtG and trialling Envision and ESP in a post-disaster context. 
Several community consultation events were organised as part of the GtG research, around  Melbourne 
(Victoria), and Perth (Western Australia) aiming to collect information on the values and priorities of local residents, 
the specific concerns of the neighbourhood, and the community reactions to proposals of innovative urbanism which 
included new architectural typologies, different scales of development, new connections between stakeholders (e.g. 
developers and residents), public-private interfaces, and more urban functionalities and amenities [40]. The 
objective of these community consultation events was to obtain feedback on the critical issues of redevelopment in 
these municipalities, which was important to sustain the development of a methodology for community consultation 
that can be implemented by local governments in the processes of urban redevelopment [40]. These events 
organised by the GtG team in Australia, were also relevant to engaging communities, stakeholders and local 
governments while increasing the awareness on the potentials of precinct redevelopment in other mid-suburban 
areas. Similarly, a key goal of the GtG in Christchurch is to reinforce community and stakeholder engagement, 
enabling the development of innovative reconstruction business cases. It is anticipated that as part of the project, 
GtG through use of its geospatial Envision and ESP tools will be involved in the development of a reconstruction 
precinct in Christchurch. Thus, GtG and a real world trial Envision and ESP should help demonstrate a best practice 
case of community-led, sustainable, resilient urban reconstruction in New Zealand. This is relevant both for research 
on resilient cities and for in the context of using geospatial tools that can test the technological properties of the 
tools, and set new assumptions for future developments. 
The trial of Envision in a post-disaster reconstruction context can demonstrate the value of such a tool in 
addressing the need for comprehensive urban resilience planning, which should integrate resilience and vulnerability 
factors into urban rezoning and intensification strategies. In this context, Envision can be crucial in raising 
awareness among communities and stakeholders on critical vulnerabilities, while identifying opportunities for 
resilient reconstruction. By enabling such information movement within and between communities, the 
implementation of GtG may be timely for future policy making relating to reconstruction, engagement, and 
resilience in New Zealand. This is important in the context of integrating the outcomes of deliberative, community-
led methods into urban reconstruction and redevelopment policies, while identifying possible barriers and obstacles 
to overcome [23]. ESP can expand visualisation and co-design capacities among local government authorities, 
developers, and community members, allowing improved dialogue between the diverse groups involved in the 
reconstruction process. ESP could be particularly useful relevant because it supports innovative debate between 
stakeholders, supported by co-design where different reconstruction scenarios can be trialled and negotiated. 
The implementation of GtG, with Envision and ESP, in Christchurch also has the potential to promote the 
development of innovative urban forms in the central city and inner suburbs, potentially characterised by walkable, 
bikeable, human-scaled, and convivial urban spaces, leveraging the city as a new residential and multi-functional 
attraction hub, which may decrease, or at least slow down, urban sprawl.  
3.2. Implications and considerations on the usage of geospatial tools on the processes of urban reconstruction 
The data available in geospatial tools aiming at community engagement must be presented with a balanced level 
of detail. Too much detail usually intimidates people by suggesting that detailed decisions were made without 
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proper consultation, whereas too little detail restrains engagement by implying that it may be the final vision of a 
proposed object. This issue must be particularly addressed in 3D visualisation tools, such as ESP in which the three 
building libraries - business as usual building, environmentally efficient building, and advanced building typologies 
– contain 3D models with a medium level of detail. This can be critical to acquire the communities’ trust in the trial 
process of the geospatial tool, enabling better engagement results. 
The implementation of geospatial tools for community engagement aiming at facilitating the urban reconstruction 
of a post-disaster city, must address the dynamics of urban planning of the city, and adjust the timing of the project 
to obtain better engagement results. In other words, a better understanding of the processes, happening at the present 
time, in the urban planning scene will guarantee an integrated implementation strategy of the geospatial tools. In 
Christchurch, it is important to consider the schedule of the Replacement District Plan, and adjust the schedule of 
the research project, regarding the communication with local government authorities and communities. Likewise, it 
is important to identify and consider legal barriers within the diverse levels of urban policy, in order to clarify which 
legal structures may underpin or discourage precinct reconstruction and redevelopment. 
Lastly, redevelopment is always a great change in the systemic life of cities, in the life of communities. The 
methods applied to acquire community engagement for urban redevelopment require special solicitude towards 
cultural, economic and social features of community and stakeholder groups [36]. Such consideration must be 
amplified after a traumatic event, such as natural disasters in which communities suffered a great deal of disturbance 
in their daily life and socio-spatial relations. Therefore, it is important to consider that geospatial tools aiming at 
community engagement will only have their potential maximised if an appropriate delivering strategy is 
implemented towards the communication with each group of stakeholders. In the case of GtG, both Envision and 
ESP will be introduced to community and stakeholder leaders with the support of the city council, through steering 
groups, focus groups and one-on-one meetings.  The implementation of community engagement geospatial tools 
should focus both the reconstruction and the community wellbeing in the process of achieving consensus for 
reconstruction. Such consideration will impact on the level of social engagement for reconstruction and, 
consequently, in the quality of reconstruction strategies, plans, or projects. 
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